It is well accepted that households increase consumption of goods and services in response to an unexpected increase in wealth. Consensus estimates of this wealth effect are in the range of 3 to 5 cents of additional consumption spending in the long run for each additional dollar of wealth. Economic theory also suggests that consumption of leisure, like consumption of goods and services, should increase with positive shocks to wealth. In this paper, we ask whether the run-up in equity prices during the 1990s led older workers to retire earlier than they had previously planned. We identify the effect by exploiting unique data on retirement expectations from the Health and Retirement Survey (HRS). Our econometric results suggest that respondents who held corporate equity immediately prior to the bull market of the 1990s retired, on average, 7 months earlier than other respondents.
Introduction
Between 1990 and 1999, the S&P 500 stock index appreciated an average of about 15 percent per year--more than twice its average pace over the previous 40 years.
The unusual strength in the stock market likely took many investors by surprise as they watched their wealth balloon over the last half of the 1990s. The unexpected and prolonged nature of this stock market boom provides a unique opportunity to measure how gains in stock market wealth affect household behavior. Life-cycle theory predicts that people will boost their consumption of goods and services as well as leisure in response to unanticipated increases in their wealth. Recent research indicates that a dollar increase in wealth raises the consumption of goods and services by between 3 cents and 5 cents. Most studies have focused on measuring the effect of wealth shocks on the consumption of goods and services, ignoring any effects on the consumption of leisure.
In this paper, we ask how the unexpected stock market gains of the 1990s affected the consumption of leisure--in particular, whether the stock market boom led older workers to retire earlier than they had previously planned. We focus on the retirement decision for three reasons: First, because institutional constraints limit the ability of workers to adjust their leisure response at the margin, it is possible that much of the leisure response to wealth shocks will involve adjusting the timing of retirement decisions. Second, it is typically difficult to identify wealth effects on the consumption of both goods and leisure because standard economic theory implies that wealth and consumption decisions are simultaneously determined. However, we are able to sidestep many of the usual identification problems by using unique data on retirement expectations for a cohort of those nearing retirement just prior to the massive run-up in stock prices. We identify the wealth effect by looking at how actual retirement outcomes differ from pre-bull market expectations. Finally, workers who are nearing retirement age are typically hitting their peak net worth years, and therefore the cohort nearing retirement in the early 1990s was most likely to reap the largest unexpected gains in their stock portfolios.
Incorporating wealth effects on leisure may help to reconcile life-cycle theory with the fact that, under the assumption of a 3 percent after-tax interest rate, consensus estimates of the wealth effect imply that people will not eventually consume all their wealth (Cheng and French, 2000) . Although it is possible that this behavior can be rationalized in a life-cycle framework by the existence of bequest motives and/or incomplete insurance markets, it is equally plausible that some of the unexpected increase in wealth is used to finance an increase in the consumption of leisure.
Previous Literature
Our paper contributes to a small but growing literature on the effects of wealth on labor supply.
2 Earlier work focused mainly on the effects of inheritances and lottery winnings as sources of unanticipated wealth shocks. For example, Holtz-Eakin, Joulfaian and Rosen (1993) provided evidence that large inheritances reduce the labor supply of recipients, while Joulfaian and Wilhelm (1994) found only modest negative disincentive effects of inheritances on labor supply. Although inheritances may or may not constitute unexpected increases in wealth, the negative effects on labor supply suggest that at least part of the inheritance was unexpected. In addition, Imbens, Rubin and Sacerdote (2001) found that winners of large lottery prizes significantly reduced both their labor force participation and hours worked.
More recently, the literature has focused on the effect of the 1990s stock market boom on the labor force participation of older workers. Cheng and French (2000) estimated that the stock market run-up of the 1990s reduced the labor force participation of older men by between 1 and 3-1/4 percentage points, on average, between 1995 and 1999. Sevak (2001) found that early retirement rates for workers with DC pension plans rose relative to the early retirement rates of other workers, which remained stable between 1992 and 1998. Taken together, these findings suggest that large positive wealth shocks can reduce labor supply.
Finally, there are two recent papers that have also exploited data on retirement expectations to identify wealth effects on retirement. Hurd and Reti (2001) found little effect of wealth on subjective probabilities of working full time after age 62. However, to the extent that most of the earlier-than-expected retirement takes place well-before or after age 62, the probability of working past 62 might not be significantly revised. Khitatrakun (2001) explored the determinants of changes in retirement expectations in consecutive waves of the HRS, with a focus on the effect of stock ownership and changes in wealth. Although the econometric specification was quite different from ours (described below), Khitatrakun also found that respondents who held large amounts of stocks retired earlier than expected relative to other respondents.
Retirement decisions in a life-cycle framework with health and investment risk
This section describes a simple life-cycle framework for thinking about retirement behavior in the presence of uncertainty about future economic status as well as uncertainty about family and individual characteristics such as health and marital status.
Life-cycle models predict that individuals will work and accumulate assets while young and middle-aged, and retire and draw down assets when old. If there is no uncertainty, life-cycle consumers will never find it optimal to deviate from the retirement age and consumption path chosen at the beginning of their lives.
In reality, consumers face uncertainty regarding the outcomes of economic variables such as future income and investment returns, as well as individual and family characteristics such as health status and marital status. Individuals must make retirement plans and consumption decisions that maximize their expected utility based on their best guess about future realizations of uncertain variables. We can characterize the formation of retirement expectations (R E ) by the following equation:
where R is the year of expected retirement, A is net worth, y is income and Z is a vector of personal and family characteristics such as marital status and health status.
As time goes by, some uncertainty about investment returns, health status and family status is resolved. For example, one year after forming initial retirement expectations, the consumer will have observed the realizations of health status, family composition, and investment returns over the course of that year. To the extent that these realizations differ from previous expectations, workers will re-optimize and update their expectations about their retirement age and consumption path accordingly.
The difference between retirement expectations at any two points in time (say, time t and t+∆) is a function of variables at the initial point in time (t) and unexpected changes in those variables over that period (t to t+∆). According to this theory, only unexpected changes should alter the optimal retirement path. However, it is likely that individuals with different personal characteristics at the outset will respond differently to unexpected changes in the relevant variables. For example, those with larger initial levels of wealth may revise their expected retirement dates down by more in the event of a health shock than those with lower levels of initial wealth. As a result, individuals with different observable characteristics at time t may update their expectations differently in response to similar shocks to wealth, health or other variables. That is, retirement expectations ( R E ) are updated for each worker according to equation (2):
where
In sum, workers update their retirement expectations in response to unexpected changes in wealth, health and other variables. Hence, if wealth grew at a faster-thanexpected rate between time t and t+∆, i. expectations, and treating the extra-normal returns as unexpected, we can identify the response to a wealth shock by measuring the degree to which the actual retirement decisions of those with exposure to the stock market deviate from their pre-bull market expectations.
Data: The Health and Retirement Study
The HRS is a panel data set that provides detailed information on the health and economic status, as well as work histories of a nationally representative cohort of people who were between 51 and 61 years old in 1992 and their spouses. These individuals and their spouses are re-interviewed every two years. We use data from the first five waves of the HRS (1992, 1994, 1996, 1998 and 2000) , allowing us to capture virtually all of the stock market run-up that occurred from the mid-1990s through the first quarter of 2000.
We select a sample of respondents who were in the labor force at the initial interview in 1992.
4
3 It is possible that some respondents altered their investment returns expectations during the stock market boom and anticipated double-digit returns in the future. If this were the case then, in addition to the wealth effect, there would be a substitution effect where respondents delayed retirement in order to continue pumping savings into equity markets. The issue of which effect dominates will be resolved empirically. 4 We include spouses of age-eligible respondents in our sample, who may be younger or older than the ageeligible cohort. In addition, we limit the sample to workers who are between 45 and 65 years old in 1992. , and according to whether they retired earlier than they had expected, or on time to later than expected. 7 If shocks to wealth from the stock-market run-up induced respondents to retire early, we would expect to see a relationship between stock market wealth and early retirement only for the group of people who retired after 1996--that is, after at least two years of outsized stock market gains. It seems reasonable to expect that the factors underlying exits from the labor force might be somewhat different among those who retired prior to 1997, and that those who retired earlier than they had expected 7 A complete description of the variables and descriptive statistics are presented in the data appendix.
during that period might have been influenced by other factors such as health shocks and employer-provided incentives for early retirement. For simplicity, we will henceforth refer to those who retired earlier than they had expected as "early" retirees, and others as "on time or late" retirees.
The first set of variables summarizes the demographic characteristics of the sample. In general, those who retired early tended to be younger than other retirees but older than respondents who were still working in 2000. In addition, more of the "early" retirees were female, especially during the first half of the sample period--perhaps indicating that women make larger adjustments to their labor supply in response to unexpected changes in their economic or health status.
The second panel presents the mean economic characteristics of the sample.
Among those who retired between 1993 and 1996, early retirees were less likely to have held stock at the baseline interview (65.5 percent vs. 71.7 percent), but on average, held similar levels of stock market wealth and net worth as their counterparts who retired on time or later than expected. For sample members retiring between 1997 and 2000, rates of stockownership for early retirees were also lower than other retirees (though not significantly so. However, early retirees held, on average, greater amounts of stock market wealth, and their stock holdings represented a larger fraction of their financial assets in 1992. In particular, early retirees held 31.7 percent of their financial assets in stock in 1992 compared with 28.8 percent held by other retirees. These data illustrate that higher levels of stock exposure appear to be associated with early exits from the labor force only for those respondents who retired in the latter half of the sample period after multiple years of unusually high stock market returns.
The data also indicate that those who retired earlier than expected were less likely than other retirees to be covered by a defined-benefit (DB) pension plan. In particular, only 42 percent of the early retirees in both periods had DB plans, compared with about 36 percent of those who did not retire, and 59 and 52 percent of others who retired before and after 1996, respectively. This is not surprising, as the eligibility rules for DB plans may effectively dictate the date of retirement; therefore, the labor supply of those with DB plans may be less elastic with respect to unexpected changes in economic and health status relative to other workers who are not subject to DB plan constraints.
The third panel of the table presents several indicators of baseline health status and health shocks experienced over the survey period. Sample members who retired early in both the first and the second half of the sample period were more likely to be in fair or poor health in 1992 (17 percent in first half, 11.3 percent in second half) than other retirees (12.6 percent in the first half, 5.2 percent in the second half) or nonretirees (7.6 percent). In addition, early retirees between 1993 and 1996 were more likely to experience "negative" health shocks early in the sample period, perhaps suggesting that health shocks are associated with early retirement over this period. In contrast, for those who retired after 1996, there is no significant difference in the prevalence of early health shocks or health shocks that occurred at any time over the survey period between early retirees and other retirees. The higher incidence of poor health and health shocks among the early retirees in the first half of the survey period suggests that poor health combined with further deterioration in health may have played a relatively more important role in earlier-than-expected exits from the labor force for those who retired early in the first part of the survey period than for those who retired in the late 1990s.
The data also indicate that employer-provided health insurance benefits are related to retirement behavior. Early retirees in both sample periods were somewhat less likely to be covered by employer-provided health insurance from their own jobs, especially those who retired between 1993 and 1996. However, early retirees were significantly more likely to have access to employer-provided health insurance through their spouse, and were therefore less tied to the labor force for health insurance purposes.
Access to retiree health insurance also varies somewhat by retirement status and timing.
Depending on the age of the respondent and the eligibility requirements of the plan, the availability of retiree health insurance may induce individuals to work longer or retire earlier. In our sample, the results are mixed. Among those who retired in the first half of the sample period, about 60 percent of the early retirees had access to retiree health insurance compared with 68 percent of other retirees; there is no significant difference among those who retired later in the sample period.
These descriptive statistics suggest that there may be important relationships between shocks to health and wealth and decisions to retire earlier than expected. In particular, they suggest that wealth shocks in the latter part of the 1990s may have induced early exits from the labor force. However, in order to identify the effects of wealth shocks on deviations from retirement expectations, it is necessary to control for other relevant variables in a regression framework.
Econometric Specification
According to equation (2), the degree to which actual retirement dates differ from expected retirement dates should be a function of changes in variables that could not be predicted with certainty at the baseline, such as wealth, health status and family structure.
Also, as noted above, individuals with different baseline characteristics are likely to vary in their reaction to unexpected changes in these variables. To identify the determinants of deviations from expected retirement, we estimate the following equation: Capturing unanticipated gains on stock market wealth in the HRS is not clear cut.
Although stock market wealth is measured across waves, some respondents are surely transitioning into retirement and reallocating their portfolios. Thus, to estimate the total effect of stock market gains on retirement, we include both a dummy for stock ownership in 1992 and a constructed variable that stands in for the unanticipated gain in stock market wealth for each household. The proxy variable for the unanticipated gain is equal to the value of stock in 1992 multiplied by the difference between the appreciation in the Wilshire 5000 stock index over this period and 8 percent per year--the return that investors may have expected based on historical experience. (Cheng and French, 2000) .
While baseline characteristics are important determinants of retirement expectations, they can also influence deviations from expected retirement in at least two ways. First, the accuracy of expectations may differ systematically by baseline characteristics. For example, Bernheim (1989) finds evidence that men form more accurate retirement expectations than women, and that married women, in particular, tend to underestimate how long they will work. Second, unexpected changes, such as health shocks, may affect people differently depending on their baseline characteristics. For example, workers who were in poor health in 1992 may be more likely to leave the labor force following a health shock than those who were in excellent health in 1992.
Several issues arise in estimating equation (2′). First, theory predicts that only unanticipated changes in relevant socio-economic variables should alter expectations about retirement, while in reality, we observe only the total change in the relevant variable; we cannot decompose that change into its anticipated and unanticipated components. However, if most changes in wealth were anticipated, then the data will not exhibit the variation necessary to identify β 1 . Conversely, if β 1 is found to be economically and statistically significant, then it is likely that part of the change in wealth was unexpected, although this estimate of β 1 will understate the actual effect of unanticipated wealth changes on retirement decisions.
Second, the accuracy of retirement predictions varies systematically by the length of time before expected retirement; in particular, the variance of deviations from expectations increases as the horizon length increases. This is not surprising in light of the number of uncertainties that are resolved over time--it is nearly always easier to forecast an expected retirement next year than it is to accurately predict the exact date 10 years hence. To correct for the heteroskedasticity of the errors in equation (2′), we weight the observations in the regression by the number of years to expected retirement.
Finally, although it is intuitively appealing to use deviations from expectations as the dependent variable in our econometric specification, we can also view equation (2′) as a special case of a more general specification in which the dependent variable is the actual retirement date if retired and the censored value if not retired, and the expected retirement date (in 1992) is an explanatory variable. In this more general set-up, the special case given by equation (2′) would derive from constraining the coefficient on expected retirement date to one. In the next section, we present results from both specifications.
Results
The first column of table 2 presents marginal effects for selected explanatory variables from the censored normal regression model where the dependent variable is the deviation from retirement expectations, calculated as the actual retirement age less the expected retirement age. 8 As noted above, if a respondent is not retired, their deviation is right-censored at the value 2000 less the expected retirement age.
The first two rows of the table present the effects of stock-ownership on deviations from retirement expectations. The estimates suggest that, on average, those who held stock retired about 3 months (.24 years) earlier than they had previously expected relative to nonstockholders. Conditional on being a stockholder in 1992, higher levels of stock exposure also increase the likelihood of early exits from the labor force:
An additional $100,000 in unexpected stock market gains, led respondents to retire 2 weeks earlier than expected. Therefore, the average stockholder--who received roughly $100,000 in unanticipated gains--retired 3-1/2 months ahead of expectations.
As noted above, equation (2′) effect of stock ownership on retirement behavior is about twice as large. In this specification, conditional on expectations, the average stockholder retires almost 7 months earlier than expected relative to nonstockholders. Because the more general specification is more flexible and the fit is much better (Pseudo-R-squared of .17 vs. .06),
we focus on the more general specification from this point forward.
As shown in lines 3 and 4, those with greater net worth in 1992 retired a bit earlier than others, perhaps as a result of their ability to afford retirement given changes in economic or health variables. Similarly, those with DB plans (shown in line 5) retired 10-1/2 months earlier than those without DB plans, even controlling for employer offers of early-retirement incentives. This result may be somewhat surprising given the descriptive statistics presented above; however, recall that nonretirees as a group were least likely to have DB plans, perhaps reflecting less exposure to the type of early retirement incentives embedded in some DB plans. In addition, the finding that DB plans are associated with early exits from the labor force may represent a wealth effect of sorts that occurs if better information about the magnitude of DB pension wealth is revealed as one approaches retirement.
It is interesting to note that respondents who were self-employed in 1992 worked quite a bit longer than wage and salary workers (1 year and 5 months). In a separate specification discussed below, we further explore the differences between self-employed and wage and salary workers.
As shown in the bottom half of the table, we also control for changes in health status, which may not have been fully anticipated by the respondent at the time of the initial interview in 1992. In particular, those who were diagnosed with cancer, stroke, heart disease or lung disease between 1992 and 1994 retired about 7 months earlier than those who were never diagnosed with these conditions. Broadly speaking, those who were in better health in 1992 tended to work between 1 and 1-1/2 years longer than those who reported that they were in poor health in 1992.
As the descriptive statistics suggested, health insurance coverage is an important determinant of deviations from retirement plans. Those with employer provided health insurance but not retiree health insurance worked 1 year and 1 month longer than those with no employer-provided coverage at all. 9 However, those with both employerprovided health insurance and retiree health insurance retired about 1 year earlier than those with just employer-provided health insurance. On net, the effect of employerprovided coverage appears to be a small positive, as the positive effects of the health insurance coverage outweigh the negative effects of the retiree health insurance coverage.
Responses to shocks may vary by personal characteristics. In particular, men and women in this cohort may have fundamentally different retirement decision functions, and may therefore react quite differently in the event of a shock to their health or wealth.
To investigate this possibility, table 3 presents marginal effects from the generalized version of equation (2′) estimated separately for men and women.
Although the effects of stock on retirement are substantial for both men and women, the marginal effects for the two variables representing stock ownership and unanticipated gains--shown in the first two rows of the table--are quite different. In particular, the marginal effect of stock-ownership for women is 2-1/2 times larger in absolute value than the marginal effect for men, while the marginal effect for unanticipated gain for women is roughly one-fifth the magnitude of the effect for men.
On net, stock ownership appears to have larger effects on the retirement decisions of women. Assuming a $100,000 unanticipated gain on stock, female stockholders retired about 8 months earlier than other women, while male stockholders retired just over 5 months earlier than other men. These results may reflect the likelihood that women in this cohort represent the marginal worker in the family, and as such, may be more likely to adjust their labor force participation in response to unanticipated stock market gains than men.
In addition, women appear to be less sensitive to employer-provided benefits such as health insurance and pensions. As shown in row 4, men with defined benefit pension plans leave the labor force 14 months earlier than men who were not covered by a DB plan, while the marginal effect for women is only half as large. Also, the effects of having employer-provided health insurance and retiree health insurance are smaller in absolute value for women.
We have abstracted from the joint decision making process that likely influences expected and actual retirement dates for couples and treated changes in spouses' economic status and health as exogenous. Although not presented here in detail, our results indicate that a spouse's decision to retire during the sample period is associated with earlier retirement, and for women, a spouse's deteriorating health is associated with early exits from the labor force.
There is evidence that entrepreneurs--or self-employed respondents--may behave quite differently from wage and salary workers. In table 4, we explore whether retirement decisions also vary by self-employment status. As shown in the first two rows, the marginal effects of the stock market variables are much larger in absolute value for the self-employed (shown in column 2) than for the wage and salary workers (shown in column 1). Given a $100,000 unanticipated gain, self-employed stockholders leave the labor force more than a year earlier than other self-employed workers, while wage and salary stockholders exit the labor force 6 months earlier than their non-stockholding counterparts.
The effect of initial wealth also varies substantially by self-employment status.
Among wage and salary workers, those with an extra $100,000 in initial wealth left the labor force 2 months earlier, but among the self-employed, an additional $100,000 in wealth is associated with a 1 month longer stay in the labor force. While having a DB pension is associated with early retirements for both groups, the effect is more dramatic for the self-employed, who exited the labor force 3-1/4 years ahead of non-covered selfemployed workers, ceteris paribus.
Although some of the most difficult identification problems are addressed in this paper through the use of retirement expectations, there are still a few potential endogeneity problems that remain. In particular, the estimates of the wealth effect found in this paper might be biased if unobservable characteristics are correlated with both stock ownership and a willingness to revise retirement plans. For example, lower levels of risk aversion might be correlated with increased exposure to stock as well as an increased willingness to alter retirement behavior in the event of a shock.
We can investigate whether risk aversion is associated with stock holding and retirement behavior in the HRS by looking at rates of stock ownership and early retirement by respondents ranked according to their responses to a question that was designed to measure risk aversion. 10 Table 5 shows rates of stock ownership and early retirement calculated by risk aversion category, where 1 denotes the least risk averse and 4 denotes the most risk averse. While rates of stock ownership, shown in line 1, are not significantly higher among the least risk averse, the average stock level, shown in line 2, is significantly higher, with the least risk averse group holding roughly $66,000 in stock in 1992 compared with about $47,500 held by the most risk averse group. However, as shown in line 3, the percentage of financial assets held in stock does not vary substantially across risk-aversion categories. Moreover, there does not appear to be an increased propensity to retire early among the least risk averse group; in fact, rates of early retirement increase from 21 percent in the least risk averse group to 25 percent in the most risk averse group. Therefore, these data do not suggest that there is a systematic relationship between reported risk aversion and the propensity to both hold stocks and retire early in the HRS.
Conclusion
The results of our analysis indicate that the bull market of the 1990s led to a wealth effect on the consumption of leisure. In particular, the average stockholder in our sample had an unanticipated stock market gain of about $100,000, which led them to retire roughly 7 months earlier than nonstockholders.
Given the recent large and sustained declines in stock prices, we might expect older workers with exposure to the stock market to now be postponing their retirement, and retirees with equity holdings to be re-entering the workforce. As shown in figure 2, labor force participation rates for men aged 55 to 64 have indeed risen over the past two years as the stock market has plunged.
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Our analysis indicates that unexpected changes in wealth influenced retirement behavior in a period that was characterized by high stock market returns and increasing household exposure to equities. If household exposure to stock market risk continues to 10 See the data appendix for a more detailed description of the risk aversion measure. 11 While we find that the retirement decisions of older women are more responsive to wealth shocks, it is hard to discern an effect in the aggregate data because of the strong upward trend in the labor force participation rates of older women.
grow, then the labor force participation of older workers will likely become more sensitive to sustained moves in asset prices. As a result, the effect of wealth on retirement should continue to be an important issue in the ongoing debate about retirement security, especially in evaluating retirement policies that involve potentially raising households' equity exposure, such as recent proposals to add individual accounts to the social security system. 
Data Appendix
The table below describes how all of the variables used in this analysis were constructed using data from the Health and Retirement Study (HRS). The definition of retirement used in this paper, shown in the first row, warrants further discussion. A respondent is classified as retired if they report that they consider themselves to be "completely retired," as opposed to "partly retired" or "not retired at all." We use this self-defined retirement measure because it aligns most closely with the retirement expectations question, which asks "When do you think you will retire completely?"
There are other measures available in the HRS that could be used to determine retirement status, such as hours worked for pay during the year. In fact, Gustman and
Steinmeier (2000) Description of Variables*
Variable Name Definition
Retirement year Year that respondent reported they "completely retired"
Year ( ij=1992 and 1994, 1994 and 1996, and 1996 and 1998 Dummy variable equal to 1 if the respondent was offered an early retirement incentive between waves ij, 0 otherwise , 1994; 1994, 1996; 1996, 1998; 1998, 2000 Dummy variable equal to 1 if the respondent was diagnosed with cancer, heart disease, or lung disease, or experienced a stroke between the specified waves (ij), 0 otherwise 
